Abstract Pseudomonas fluorescens Pt14 is a non-pathogenic and acidophilic bacterium isolated from acidic soil (pH 4.65). Genome sequencing of strain Pt14 was performed using Single Molecule Real Time (SMRT) sequencing to get insights into unique existence of this strain in acidic environment. Complete genome sequence of this strain revealed a chromosome of 5,841,722 bp having 5354 CDSs and 88 RNAs. Phylogenomic reconstruction based on 16S rRNA gene, Average Nucleotide Identity (ANI) values and marker proteins revealed that strain Pt14 shared a common clade with P. fluorescens strain A506 and strain SS101. ANI value of strain Pt14 in relation to strain A506 was found 99.23% demonstrating a very close sub-species association at genome level. Further, orthology determination among these three phylogenetic neighbors revealed 4726 core proteins. Functional analysis elucidated significantly higher abundance of sulphur metabolism ([19) which could be one of the reasons for the survival of strain Pt14 under acidic conditions (pH 4.65). Acidophilic bacteria have capability to oxidize sulphur into sulphuric acid which in turn can make the soil acidic and genome-wide analysis of P. fluorescens Pt14 demonstrated that this strain contributes towards making the soil acidic.
Introduction
The Genus Pseudomonas is characterized by aerobic, rodshaped, Gram-stain negative gammaproteobacterium having multiple polar flagella. Member of this genus are ubiquitous in water, soil, fly ash dumpsite, oil-contamination site and have predominant associations with the plant rhizosphere [1] [2] [3] [4] [5] [6] . Some species of genus Pseudomonas are human pathogens e.g. Pseudomonas aeruginosa [7, 8] and some are plant pathogens e.g. Pseudomonas syringae [9] [10] [11] . However, Pseudomonas fluorescens is a nonpathogenic rhizobacterium that is known for its ability to produce a soluble fluorescent pigment pyoverdine, a type of siderophore [12] . These fluorescent siderophores are high affinity iron chelating agents helping bacteria in uptake of iron from their surroundings during iron deficiency [13] . Strains belonging to species P. fluorescens are beneficial in agriculture as they have been used as biocontrol agents [12, 14] . These bacteria protect plants from plant pathogens by producing secondary metabolites like hydrogen cyanide (HCN), antibiotics, fluorescein and pyocyanin [15] . Additionally, due to widespread colonizing tendency, P. fluorescens is known to constrain the growth of fungi and other microorganisms by competing with them [14] . At the time of writing this manuscript, genome sequences of 95 strains of P. fluorescens were publicly available in the database (http://www.ncbi.nlm.nih.gov/ genome).
In order to get pH specific functional insights modulating the genome of strain Pt14, we sequenced and annotated the complete genome of P. fluorescens Pt14, an environmental strain which was isolated from acidic rhizosphere soil (pH 4.65) of rice crop at Tinsukia, Assam, India.
Materials and Methods

DNA Isolation, Genome Sequencing and Assembly
High molecular weight DNA of P. fluorescens strain Pt14 was isolated using Cetyl trimethyl ammonium bromide (CTAB) NaCl method of DNA isolation [16] . In this method, cells are lysed and proteins are removed by proteinase K and remaining cell debris, polysaccharides and protein are removed by selective precipitation with CTAB. For purification chloroform:isoamylalcohol (24:1) mix was used. DNA was precipitated by 0.6 volume of isopropanol. The whole genome of strain Pt14 was sequenced at the McGill University and Génome Québec Innovation Centre (Montréal, QC, Canada) using the PacBio RS II DNA or Single Molecule Real Time (SMRT) sequencing. A total 1,126,041 raw sub-reads (1.6 Gb) were generated using SMRT Cells in a PacBio RSII sequencer. These subreads were assembled into a complete replicon of size of 5,841,722 bp using the Hierarchical Genome Assembly Process (HGAP).
Genome Annotation
Genome sequence was circularized by using UGENE [17] . For basic annotations, the genome was uploaded on RAST server version 4.0 [18] and the NCBI Prokaryotic Genomes Annotation Pipeline (PGAP; http://www.ncbi.nlm.nih.gov/ genomes/static/Pipeline.html). KEGG Automatic Annotation Server (KAAS) [19] was used for functional annotations of genes present in the genome by amino acids sequence comparisons against a manually curated set of ortholog groups. Average Nucleotide Identity (ANI) analysis [20] with its neighbors was done to confirm the phylogenetic status of strain Pt14. Genome was uploaded on CRISPR finder [21] and IS finder [22] respectively to retrieve CRISPR arrays and IS elements. PHAST online server [23] was used to detect the intact phage ORFs present in the genome. To validate the genome assembly by the presence of essential genes, genome of strain Pt14 was uploaded on Amphora Net [24] . RNAmmer 1.2 server [25] and ARAGORN [26] were used to predict the number of copies of rRNAs and tRNAs present in the genome, respectively.
Phylogenomic Reconstruction and Functional Analyses
Phylogenomic reconstruction was performed at three levels including 16S rRNA genes, ANI values and bacterial marker proteins ( Fig. 1 ) using close phylogenetic neighbors of P. fluorescens Pt14 on the basis of RAST result, namely P. fluorescens A506, P. fluorescens SS101, P. fluorescens SBW25, P. fluorescens WH6, P. fluorescens BS2, P. fluorescens NZ052, P. fluorescens Q2-87 and P. fluorescens Pfo-1 isolated from different habitats pear phyllosphere, wheat rhizosphere soil, leaf surface of sugar beet, wheat rhizosphere soil, mushroom cap, wheat rhizosphere and agricultural soil, respectively [27] [28] [29] [30] [31] (Table 1) . 16S rRNA gene sequences of these strains were retrieved using RNAmmer server, aligned using CLUSTALX version 2.1 program [32] and Maximum Likelihood (ML) tree was constructed using MEGA software package version 6 [33] . To calculate the evolutionary distance matrix, Jukes and Cantor [34] model was used and a phylogenetic tree was constructed using Neighbour Joining method [35] . Based on a similarity matrix of the ANI values [20] among the Pseudomonas fluorescens strains, a phylogenetic tree was constructed using MeV_4_9_0 software and MEGA6 [33] software using hierarchical clustering [36] . Similarly, using 28 essential proteins derived by FragGeneScan1.20 [37] (DnaG, Pgk, NusA, RplA, RplB, RplC, RplD, RplE, RplF, RplE, RplF, RplL, RplM, RplN, RplP, RplS, PyrG, RpmA, RpoB, SmpB, RpsB, RpsC, RpsE, RpsI, RpsJ, RpsK, RpsM and Tsf) which were present in genomes of all the strains, a tree was constructed on MEGA6 [33] .
In order to represent the relative abundance of pathways present in the genome of strain Pt14 and its nearest neighbor P. fluorescens A506 (clustered together with strain Pt14), pie charts were prepared using top 40 enriched pathways with the help of Krona [38] (Fig. 2) .
Further, in order to understand the core-pan genome dynamics across P. fluorescens strains, orthologous proteins were estimated among three most closely related phylogenetic neighbors i.e., P. fluorescens Pt14, P. fluorescens A506 and P. fluorescens SS101 using OrthoVenn web server [39] and a venn diagram was constructed (Fig. 3) .
Results and Discussion
General Genome Features
Complete genome sequence of P. fluorescens Pt14 was circularized into a chromosome of size 5,841,722 bp using UGENE with a read coverage of 100X. G ? C content of the genome of P. fluorescens Pt14 was 60.3%, which is in accordance with range of genomes belonging to the genus Pseudomonas. RAST server data analyses revealed the presence of 5354 CDSs and 88 RNAs. A short palindromic repeat (CRISPR) element regularly interspersed in the genome and one insertion sequence (IS element) were retrieved from the genome. Two functionally intact prophages of size 20.1 and 31.2 kb with G ? C content 59.48 and 58.21% respectively were also detected. All 31 essential protein coding bacterial phylogenetic markers genes namely dnaG, nusA, pyrG, rplA, rplB, rplC, rplD, rplE, rplF, rplK, rplL, rplM, rplN, rplP, rplS, rplT, pgk, rpmA, rpoB, rpsB, rpsC, rpsE, rpsI, rpsJ, rpsK, rpsM, rpsB, inf C, smpB, frr and tsf were present in the genome of strain Pt14 marking its complete status. Seven copies of 5S and six copies each of 23S and 16S rRNAs and 74 copies of tRNAs were present in the genome of strain Pt14. Whole genome based ANI topology confirmed that the closest neighbor of strain Pt14 is P. fluorescens A506 (complete genome sequence accession number CP003041) with maximum percentage similarity (99.23%).
Phylogenomic Reconstruction of Strain Pt14 and Functional Analyses
Phylogenetic analyses based on 16S rRNA gene, ANI and essential marker proteins showed that P. fluorescens Pt14, P. fluorescens A506 and P. fluorescens SS101 share same clade ( Fig. 1) despite being isolated from different habitats i.e. rhizosphere soil of rice, phyllosphere and wheat rhizosphere, respectively This reflected that phylogeny of strains does not depend upon the source of isolation. Strains Pt14 and A506 shared a monophyletic clade as their genomes showed 99.23% similarity demonstrating same species status. It is also evident from the three phylogenetic trees, that the relative position of these strains remained same despite being constructed by using three different methods (Fig. 1) . However, the percent ANI shared in all the neighbors ranged from 99.23% (P. fluorescens A506) to 82.61% (P. fluorescens Pfo-1) (Table 1) . Since, strains Pt14 and A506 shared maximum similarity as per the whole genome based phylogenetic tree, most of the pathways were present in similar incidences except sulphur metabolism which was present in higher fold ([19) in strain Pt14 (Fig. 2) . Higher folds of sulphur metabolism present in strain Pt14 can be attributed to its ability to survive in acidic environments (pH 4.65) as acidophilic bacteria are mostly sulphur oxidizers [40] [41] . These bacteria oxidize reduced sulphur to sulphuric acid thus making the habitat acidic. Also, genes involved in sulphur metabolism cysH, soxB and soxD were present in the genome. Sulphur oxidizing potential of such bacterium has been used in agriculture and biotechnology [43] . Hence, genetic engineering of strain Pt14 can develop it as a potential bioleaching agent to remove sulphur from contaminated soil.
Genome wide analysis of orthologous clusters revealed a total of 4726 proteins encompassing the core genome which is significantly higher owing to the sub-species status of the three genomes (Fig. 3) . Apart from housekeeping genes, one-third of the core genome accounted for hypothetical proteins of unknown functions [44] . The orthologous proteins were further clustered into groups called singletons based on similar functions. 292 proteins encoding accessory or dispensable genes were found common between strains Pt14 and A506 owing to significantly high similarity (99.23%). Only 34 protein subgroups for dispensable genes were found common between these two strains. Accessory genes have specific functions that are related to survival in different niches and are associated with specific antibody or secondary metabolite production or colonization on host organisms or biofilm formation. Nine and five unique/strain specific protein subgroups were present in each genome of strains Pt14 and A506 whereas 11 subgroups were found in strain SS101. Strain specific genes or protein subgroups of metabolic islands present among the strains of same species are result of horizontal gene transfer during the course of evolution [44] . Here we observed, though strain Pt14 shares 99.23% similarity with strain A506, four strain specific protein subgroups are present required for its survival.
Conclusions
Recent advancements in high throughput next generation sequencing technologies have eased acquiring complete genome sequences of bacteria. Genomic insights into a Fig. 3 Distribution of core, accessory and strain specific orthologous gene clusters of P. fluorescens Pt14, P. fluorescens A506 and P. fluorescens SS101. A total of 4726 core orthologous proteins were shared by all three strains. Strain Pt14 and A506 have 292 accessory genes in common while 34 genes were shared by strain Pt14 and SS101. Strains Pt14, A506 and SS101 harbor 9, 5 and 11 unique strain specific genes, respectively bacterial isolate reveal individual gene signatures and also allow predictive functional potential [45] . Here, genome versus genome analysis using ANI values showed that P. fluorescens Pt14 and P. fluorescens A506 are highly similar (99.23% similarity). Both strains clustered together in phylogenetic tree irrespective of their different habitat as well as showed feeble differences in abundance of metabolic pathways. These results illustrated sub-species level phylogeny between both the genomes. Strain Pt14 was isolated from rhizosphere soil having pH 4.65 from the field where cultivation of rice had been in practice for the past 50 years using local varieties without chemical fertilizers. The fact that sulphur metabolism is multifold in strain Pt14 in comparison to strain P. fluorescens A506 is a pointer to the possibility of strain Pt14 being responsible for acidity of the soil by oxidizing reduced sulphur into sulphuric acid from where it was isolated. Most of the above discussed predictions are solely based on genome sequence information obtained using bioinformatic tools in the absence of direct experimental validation. Further experiments are needed to gain insights into metabolic potential of this strain. Moreover, this study can provide a foundation for future studies focused on understanding of versatile metabolic potentials of the species Pseudomonas fluorescens.
